exogenous feeding, whole mount in situ hybridization was conducted to determine whether the 143 early death of atg7 and beclin1 mutants was due to developmental defects or metabolic 144 inadequacy. Fabp10a, a marker of the liver (Figs. 4A-4C) and Villin1 a marker for intestine (Figs. 145 4G-4I) demonstrated a normal expression pattern before maternal yolk depletion at 72hpf and 146 5dpf, respectively between WT and atg7 or beclin1 mutants, at that time embryos still depend on 147 the maternal nutrition. Upon yolk depletion at 6 dpf, there was a remarkable decrease in the gene 148 expression in the mutant strains compared with their WT counterparts for fabp10a (Figs. 4D-4F) 149 as well as Villin1 expression was down-regulated (Figs.4J-4L), suggesting the beginning of the 150 malformation during the transition state which might be responsible for the early death of mutant 151 strains. 152 To further clarify the role of autophagy in pancreatic activity, we examined trypsin expression 153 for exocrine activity and insulin expression for the endocrine pancreas. Loss of atg7and beclin1 154 function didn't directly interfere with the insulin expression at the early development as it 155 exhibited differences neither prior nor after yolk depletion from 72 hpf till 6 dpf (Figs.4M-4R). 156 On the other side, trypsin, a digestive enzyme gene expressed in the exocrine pancreas, displayed 157 a lower signal in mutant atg7 and beclin1 comparing with WT at 72 hpf (Figs.4S-4U) and with 158 more remarkable down-regulation at 6 dpf (Figs.4V-4X). In wild-type zebrafish, trypsin 159 synthesized normally and drained into the duodenum during the weaning period. Contrarily, it 160 was expressed in a reduced signal area in the atg7 as well as beclin1 mutants. After photos 161 capturing, all larvae were genotyped to confirm our results which indicated that autophagy 162 dysfunction symptoms manifested in the later developmental stages during the weaning period 163 between endogenous and exogenous feeding suggesting a critical window during the larval-164 juvenile transition.
165
Atg7 and beclin1 mutants fail to reactivate autophagy in response to starvation 7 166 In wild type during the transition period (5-7 dpf), the maternal yolk was depleted and mTOR 167 was switched off enabling the activation of autophagy (20) . Since autophagy activity is 168 commonly detected by higher accumulation of autophagy microtubule-associated protein 1 light 169 chain 3, LC3-II (21) and degradation of ubiquitin-conjugating protein P62/SQSTM1 (22), the 170 two markers were used to monitor the autophagy flux. In contrast to higher LC3-II protein 171 accumulation in the liver and intestine of WT larvae ( Fig. 5A a) , both atg7 and beclin1 mutants 172 showed a great reduction in LC3-II expressions (Figs. 5A b, c). On the other side, P62/SQSTM1 173 expression was elevated in mutants especially beclin1compared with their WT siblings (Figs. 5A 174 d-f).The same results were obtained from the western-blot analysis of LC3A/B that usually 175 exhibited in two bands: LC3-I and LC3-II. LC3-II is more appropriate for detecting autophagy 176 since it ensures the complete transformation of pro-LC3-I. Herein, we detected a dysfunction in 177 the autophagic signaling cascade in the mutant strains at 7 dpf via accumulation of P62/SQSTM1 178 and reduction of LC3-II versus their wild type littermates ( Fig. 5B ). For further verification, 179 immunofluorescence of liver sections from WT and both mutants also confirmed the latter 180 results (Figs.5C, 5D). Accordingly, our results further suggest that atg7 and beclin1 mutants fail 181 to activate autophagy under nutrient depletion as well as the predicted correlation between 182 autophagy disruption and GIT metabolic disturbance.
183

Loss of zebrafish atg7 or beclin1 function leads to abnormal intestinal architecture after
184 maternal yolk consumption. 185 In order to investigate the relationship between autophagy activity and intestinal architecture, atg7 -/zebrafish, suggesting that beclin1 -/zebrafish at 7 dpf were in advanced idleness made 197 them comparable to atg7 -/zebrafish at 14 dpf. Briefly, beclin1 mutants showed more severe loss 198 of intestinal epithelium structure and function with defective villi formation that appeared earlier 199 than atg7 -/zebrafish.
200
Zebrafish atg7 or beclin1 knockout associates with liver metabolic disequilibrium. 201 During the process of endogenous-exogenous transition, liver plays a vital role in the regulation Herein, liver glycogen content was detected by periodic acid-Schiff (PAS) staining before and 208 after yolk absorption, at 5, 7 and 14 dpf for atg7 -/and at 5, 7 dpf for beclin1 -/mutants. At 5 dpf, To further investigate the relationship between autophagy activity and glycolipid flux, mRNA 223 expression of genes involved in hepatic glycogen and lipid metabolism were evaluated before 9 224 and after yolk transition at 5, 7 dpf during starvation and at 14 dpf in feeding condition.
225 Starvation till 7 days will give an indication about the liver metabolic equilibrium during fasting 226 before shifting to exogenous feeding after 7 dpf till 14 dpf. In our study, genes involved in 227 gluconeogenesis including pck1, gys2, and g6pc3 (Figs.7C-7E) showed no significant difference 228 between the three studied groups at 5dpf, however, they increased upon starvation at 7 dpf and 229 decreased again after feeding at 14 dpf in wild type. Interestingly, those genes couldn't be 230 revived in both atg7 and beclin1 mutants during the period of starvation at 7 dpf compared with 231 their wild type siblings. Contrarily, the mRNA expression of hk1, pfk1b, gck genes involved in 232 glycolysis (Figs.7F-7H) were remarkably elevated in both mutants compared with their WT 233 within the same population indicating a disturbance in glycogen synthesis and induction of 234 glycolysis or glycogen consuming during the starvation in both mutants without renewing even 235 though feeding atg7 mutants till 14 dpf.
236
In another point of view, genes involved in lipid metabolism were also quantified in the same 237 timeline of glycogen metabolism, herein, genes involved in lipogenesis process including sterol 238 regulatory element binding transcription factor 1(srepf1) and other lipogenic enzymes such as 239 acetyl-CoA carboxylase 1 (ACC1) and fatty acid synthase (fasn) were highly induced in mutants 240 versus wild type (Figs.7I-7K). Interestingly, these genes still highly expressed in mutants of atg7 241 at 14 dpf despite feeding. On the other side, the expression of genes responsible for hepatic fatty 242 acid β-oxidation including acox1, cpt1aa (Figs.7L, 7M) declined sharply in the same mutants 243 confirming hepatic steatosis via lipid accumulation. For further description, Fatty acid 244 translocase (FAT/cd36), a membrane protein participated in fatty acid uptake of hepatocytes, was 245 significantly increased in both mutant strains at 7 dpf and at 14 dpf of atg7 mutants ( Fig.7N ). to their WT littermates ( Fig. 8D ).
261
Treatment with rapamycin increased the protein levels of both LC3-II and P62/SQSTM1 in WT 262 larvae ( Fig. 9Ad, 9Bd ).However, rapamycin had no obvious impact on autophagy induction in 263 atg7-and beclin1-null larvae, since it couldn't elevate LC3-II or restore P62/SQSTM1 ( Fig. 9A 264 e, f-9B e, f). For further confirmation, protein expressions of LC3-I/II and P62/SQSTM1 were 265 detected by western-blot analysis that ensures perturbation of Atg5/Atg7 dependent pathway and 266 the disability of rapamycin for autophagy reactivation in both mutant strains ( Fig. 9C ).
267
Collectively, rapamycin has no further effects on autophagy induction as it depends on mTOR 268 and ATGs core that involved in the conventional autophagy pathway. 
300
For mutagenesis characterization, atg7 and beclin1 mRNA expressions were severely reduced in 301 atg7 and beclin1 mutants, respectively indicating the effective gene knockout. Moreover, 302 starvation till 7dpf elevated the expression of p62 indicating autophagy disturbance in both 303 mutants during the endogenous-exogenous transition, these findings put p62 at a critical situation 304 that control both cell death and survival(37). On the other side, the expression of atg5 and atg12 305 nearly didn't change from their wild type siblings however atg5-atg12 conjugation that is 306 essential for autophagosome formation is impaired due to the absence of the atg7 mediation in 307 both mutants this also was previously explained elsewhere as atg7 silencing resulted in loss of 308 the atg5-atg12 conjugate but doesn't otherwise affect gene expression (38). On approach to 309 evaluating autophagic flux, contrarily to wild type, our mutants show higher accumulation of 12 310 p62/SQSTM1 and down-regulation of microtubule-associated protein LC3-II level 311 demonstrating the effects of knockout on phagophore de-novo formation and/or elongation. 312 Accordingly, atg7 and beclin1 mutants couldn't form mature autophagosomes resulted in 313 inhibition of cargo sequestration which accounts for increasing of the p62/SQSTM1 level (39).
314
Hyperplasia of multilayered columnar epithelium, dysplasia with nuclear atypia and cellular 315 pleomorphic malformations are all phenotypes for aged alimentary of zebrafish (40) which 316 probably be detected in our atg7 and beclin1 mutants zebrafish, suggesting that autophagy 317 blocking has a reverse effect on the longevity and accelerates GIT senescence. Furthermore, it 318 has been showed that the embryonic phenotype of beclin1 null mice is more severe than that 319 atg5 −/− and atg7 −/− mice (11) suggesting that beclin1 regulated early embryogenesis processes 320 more than atg7. Consistent with these findings, beclin1 knock-out zebrafish died earlier than 321 atg7 null larvae.
322
Regarding the molecular mechanism, the dynamic cross-talk between autophagy, glycogen and 323 lipid metabolism has been previously studied in atg7 -/furrier models that exhibited lipoatrophy 
331
It has been reported that targeted deletion of essential autophagy genes in mice has various 332 important functions of autophagy including lipid droplet and triglycerides formation (47-49).
333
Together with our observations, indigested lipid droplets accumulated during nutrient 334 deprivation and inhibition of autophagy reflects the essential role of atg7 and beclin1 in lipid 335 metabolism (50). Alongside, our results had shown up-regulation of transcription factor srebf1, 336 ACC1, and fasn that are the key enzymes in the lipid de novo formation (51). Besides that, genes 337 involved in lipid β-oxidation including acox1, cpt1aa were highly declined in mutant strains, as 13 338 well as, cd36 has been reported to be increased in non-alcoholic fatty liver disease (52). All data 339 together suggest that lipid accumulation in our autophagy knocked out models is a result of 340 blocked lipolysis.
341
On the other side, genes involve in glycolysis including hk1, pfk1b, gck were up-regulated in 342 mutants after 5dpf as larvae struggle for surviving in another catabolic pathway (glycolysis) to 343 compensate autophagy impairment. Moreover,(g6pc3) enzyme which catalyzes the conversion of 344 glucose 6-phosphate (G6P) to glycogen within the hepatocyte (53) was highly reduced in both 345 mutant strains, unlike wild type that maintains the balance between gluconeogenesis and 346 glycolysis during fasting and feeding transition. All parameters and results indicated the 347 correlation between autophagy and the glycogen boundary equilibrium during the transition from Briefly, however, the processes that govern success during the transition process from larval to 365 juvenile are complex and not fully understood; autophagy-related genes in our study provided 14 366 molecular evidence that indicated the role of autophagy during the turning point in the timeline 367 of zebrafish development (Fig.10A) . During larval-juvenile transition, perturbations of our 368 studied genes ceased the whole autophagy pathway made the larvae shifted to an easier catabolic 369 pathway and depend on the stored hepatic glycogen, at the same time they unable to utilize lipid 370 and/or start gluconeogenesis. Accordingly, the entire metabolic disturbance affects the structure 371 and function of the gastrointestinal tract and accessory organs and leading to death during larval-372 to-juvenile transition even though supporting larvae with external food supply (Fig.10B) .
373
Materials and methods
374
Fish husbandry and mutagenesis screen. 375 Zebrafish (Danio rerio) AB strain was raised according to the established protocols (62). All Survival rates, histological assessments, and Whole-mount ORO. 390 For survival rate, after hatching, mutants of both atg7 and beclin1 strains separated via in vivo 391 darken liver (100 mutants of both strains required to start the experiment). On the other hand, 392 100 eggs were collected from wild type mating. We also depended on genotyping of dead 15 393 embryos every day to make sure of the mutagenesis especially for those treated with rapamycin.
394
The survival probability at any particular time is calculated by the formula given below and 395 curves given by The Kaplan-Meier plot (63). For histological observations, atg7-mutated and WT larvae were collected at 5, 7 and 14 dpf, 399 while beclin1-mutated were collected before death at 5 and 7 dpf. We opted this time window 
